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FOREWORD 


A  major  research  project  of  the  Army  Research  Institute  (ARI)  Field  Unit 
at  Fort  Hood,  TX,  is  "Evaluating  Human  Factors  Considerations  and  Concepts  in 
an  Operational  Environment"  (Army  Project  2Q263739A793).  This  project  is  pri¬ 
marily  concerned  with  evaluating  the  human  factors  (man-machine  interface) 
aspects  of  systems  in  an  operational  environment;  the  purpose  is  to  optimize 
performance  of  existing  systems  and  provide  design  criteria  for  future  similar 
systems.  One  of  these  evaluations  was  the  human  factors  evaluation  of  the 
M270  Self  Propelled  Launcher  Loader  (SPLL)  and  M985  Heavy  Expanded  Mobility 
Tactical  Truck  (HEMTT)  in  the  Multiple  Launch  Rocket  System  (MLRS)  Operational 
Test  III.  This  report  describes  the  results  of  an  analysis  of  data  from  this 
C'T  III  which  resulted  in  the  identification  of  important  current  design  cri¬ 
teria  in  MIL-STD-1472C  and  MIL-HDBK-759A  and  the  development  of  new  criteria. 
These  criteria  provide  the  design  guidance  necessary  for:  (1)  resolving  cur¬ 
rent  human  factors  engineering  problems  with  present  MLRS  vehicles,  and 
(2)  preventing  the  recurrence  of  such  problems  in  future  MLRS  or  similar  sys¬ 
tems.  The  report  does  not  address  current  design  criteria  which  are  adequate 
and  which  were  properly  considered  during  the  RDT&E  process,  i.e.,  design 
criteria  relating  to  system  aspects  where  no  man-machine  interface  problems 
were  found. 


EDGAR  M.  JOHNSON 


Technical  Director 
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HUMAN  FACTORS  ENGINEERING  DESIGN  CRITERIA  FOR  FUTURE  SYSTEMS, 
REPORT  NO.  3:  DESIGN  CRITERIA  EVOLVING  FROM  THE  MULTIPLE 
LAUNCH  ROCKET  SYSTEM  (MLRS)  OPERATIONAL  TEST  III 


EXECUTIVE  SUMMARY 


Requirement: 

The  objective  of  this  document  is  to  specify  current  human  factors  engi¬ 
neering  (HFE)  related  design  criteria  that  are  associated  with  current  HFE 
problems  in  the  two  vehicles  comprising  the  Multiple  Launch  Rocket  System 
(MLRS):  the  M270  Self  Propelled  Launcher  Loader  (SPLL)  and  the  M985  Heavy 
Expanded  Mobility  Tactical  Truck  (HEMTT)  and  to  stipulate  new  design  criteria, 
where  needed,  in  order  to  prevent  a  recurrence  of  these  problems  in  future 
systems  similar  to  the  MLRS. 


Procedure: 

The  procedure  involved  comparing  individual  HFE  design  problems  identi¬ 
fied  in  the  MLRS  Operational  Test  III  with  relevant  criteria  statements  con¬ 
taining  the  information  for  avoiding  such  problems  in  the  design  process. 
(The  MLRS  Human  Factors  Engineering  Evaluation  in  OT  III  is  presented  in  de¬ 
tail  in  ARI  Research  Report  1387,  "Human  Factors  Analysis  of  the  Multiple 
Launch  Rocket  System  [MLRS]  in  Operational  Test  III,"  December  1984.)  The 
criteria  in  MIL-STD-1472C  and  MIL-HDBK-759A  were  evaluated  to  determine  if 
they  provided  adequate  guidance  for  making  informed  design  judgments.  Cri¬ 
teria  judged  as  adequate  were  viewed  as  critical  criteria  that  should  be 
given  greater  emphasis  in  future  programs.  In  comparisons  in  which  the  cri¬ 
teria  were  judged  as  inadequate  or  missing,  revised  or  new  criteria  were 
proposed. 


Findings: 

The  HFE  problems  were  distributed  across  36  different  equipment  compo¬ 
nents  in  the  SPLL  and  17  in  the  HEMTT.  Current  criteria  are  available  for 
all  of  them;  they  were  judged  to  be  adequate  for  the  SPLL  in  28  cases  and  in¬ 
adequate  in  8;  for  the  HEMTT  current  criteria  were  adequate  in  14  cases  and 
inadequate  in  3  cases.  Thus  adequate  design  guidance  is  available  in  current 
criteria  to  avoid  most  of  these  problems  in  future  MLRS  systems.  The  most 
frequent  problems  on  both  vehicles  were  concerned  with  seating,  workspace, 
stowage,  and  illumination  systems.  The  first  three  are  elements  of  comfort 
considerations  in  the  operator  stations.  It  appears  that  this  outcome  oc¬ 
curred  because  the  designers  did  not  take  into  account  the  long  time  periods 
in  which  the  crew  members  must  occupy  their  crew  stations  when  performing  the 
MLRS  mission.  Similarly,  the  many  problems  with  the  illumination  systems  in 
the  two  vehicles  appear  to  be  due  to  a  failure  to  appreciate  fully  the  opera¬ 
tional  conditions  under  which  they  are  used. 


vii 


Utilization  of  Findings: 

These  findings  are  intended  for  use  in  improving  and  updating  HFE  design 
criteria  for  MLRS  or  similar  systems.  The  critical,  revised  and  new  criteria 
presented  in  this  report  provide  much  of  the  information  necessary  for  cor¬ 
recting  the  current  HFE  problems  in  the  MLRS  and  preventing  the  recurrence  of 
similai  problems  in  future  generation  systems.  It  is  intended  that  the  agen- 
cies/r rganizations  responsible  for  MIL-STD-W2C,  MIL-HDBK-759A,  and  specific 
systems  specifications  will  extract  those  proposals  which  are  applicable  to 
their  particular  areas. 
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INTRODUCTION 


HUMAN  FACTORS  ENGINEERING  DESIGN  CRITERIA  FOR  FUTURE 
SYSTEMS,  REPORT  NO.  3:  DESIGN  CRITERIA  EVOLVING 
FROM  THE  MULTIPLE  LAUNCH  ROCKET  SYSTEM  (MLRS) 
OPERATIONAL  TEST  III 


The  Fort  Hood  Field  Unit  of  ARI  has  an  active  program  of  human  factors 
research  with  new  and  improved  equipment  in  the  system  acquisition  process. 

The  research  is  characterized  by  assessment  of  systems  in  an  operational  envi¬ 
ronment  when  these  systems  are  manned  by  regular  FORSCOM  troops  for  the  first 
time.  ARI  provides  support  to  TCATA,  the  test  boards  and  OTEA  in  fulfilling 
the  requirements  of  the  human  factors  objectives  of  operational  tests  conducted 
by  these  agencies.  This  report  is  the  third  in  a  series  on  developing  design 
criteria  for  future  systems.  Earlier  reports  (Earl,  198*1;  Crumley  &  Earl, 

1985)  presented  criteria  evolving  from  analyses  of  human  factors  problems  which 
occurred  in  the  Ml  tank  Operational  Test  III  and  the  FIST  V  Operational  Test 
II. 


PURPOSE  AND  OBJECTIVE 


One  of  the  primary  functions  of  the  ARI  human  factors  research  program  is 
to  provide  human  factors  engineering  (man-machine  interface)  design  criteria 
for  future  systems.  This  is  achieved  by  an  analysis  of  human  factors  engineer¬ 
ing  (HFE)  problems  identified  in  user  tests  of  similar  current  systems.  Prob¬ 
lems  identified  in  current  systems,  therefore,  serve  as  the  basis  for 
establishing  critical  design  criteria  for  future  similar  systems  -  a  process 
that  involves;  (1)  detecting  relevant  existing  design  criteria  which  have 
been  overlooked  or  ignored,  and  (2)  identifying  and  developing  new  criteria  for 
unanticipated  problems  not  covered  by  current  standards. 

The  objectives  of  this  analysis  are  limited  to:  (1)  specifying  current  HFE 
related  design  criteria  that  are  associated  with  HFE  deficiencies  in  the  M270 
Self  Propelled  Launcher  (SPLL)  and  the  M985  Heavy  Expanded  Mobility  Tactical 
Truck  (HEMTT);  and  (2)  stipulating  new  design  criteria,  where  needed,  in  order 
to  prevent  a  recurrence  in  future  systems  of  HFE  problems  reported  in;  OTEA 
Report  Multiple  Launch  Rocket  System  Operational  Test  III  (MLRS  OT  III)  (April 
1983).  This  current  ARI  report  does  not  address  current  design  criteria  which 
are  adequate  and  which  were  properly  considered  during  the  RDTAE  process,  i.e., 
design  criteria  relating  to  system  aspects  where  no  man-machine  interface  prob¬ 
lems  were  found  are  not  addressed. 

PROCEDURE 


The  approach  involved  comparing  the  individual  HFE  problems  described  in 
the  above  report  with  the  applicable  criteria  statements  containing  the  rules 
for  avoiding  the  problems.  The  problems  were  first  identified  with  the  related 
hardware  components  and  arranged  accordingly.  The  criteria  reference  sources 
used  in  the  search  were  the  current  issues  of  MIL-STD-1A72  and  MIL-HDBK-759, 
namely,  MIL-STD-A72C  (1981)  and  HIL-HDBK-759A  (1981).  During  the  period  of 
MLRS  development  in  the  1970*3,  however,  it  is  likely  that  prior  editions, 
MIL-STD-1k72B  (197*0  and  MIL-HDBK-759  (1975),  were  the  versions  available  for 
contract  application  and  guidance. 


1 


The  latest  editions  were  used  in  this  analysis  because  the  main  purpose  was 
to  produce  information  to  update  and  revise  current  standards.  Both  references 
were  examined  to  identify  those  criteria  that  are  pertinent  for  each  problem. 
Criteria  that  were  Judged  to  be  relevant  to  some  degree  were  Included  in  the 
selections.  The  selected  criteria  were  then  evaluated  to  determine  whether  or 
not  they  provided  unequivocal  and  specific  guidance  for  making  informed  design 
Judgements.  In  cases  where  the  criteria  were  Judged  as  adequate  in  providing 
sufficient  guidance,  these  were  defined  as  critical  criteria  that  should  be 
given  greater  emphasis  in  future  programs. 

In  cases  where  the  existing  criteria  were  judged  as  relevant  but  providing 
inadequate  guidance,  the  comparisons  revealed  the  need  for  revision  to  Include 
guidance  covering  the  11FE  considerations  involved  in  the  design  problem.  Re¬ 
vised  design  criteria  were  then  formulated  for  these  cases. 

RESULTS 


Design  criteria  data  are  presented  in  tables  made  up  of  three  columns.  The 
first  column  presents  HFE  problems  described  in  succinct  statements  indicating 
the  identity  of  the  hardware  components  involved  and  the  specific  design  fea¬ 
tures  causing  the  problems.  In  the  second  column,  adjacent  to  the  statements 
of  the  HFE  problems,  are  presented  relevant  current  criteria.  Each  design 
criterion  is  presented  in  a  short  statement  and  paraphrased  where  necessary  to 
include  only  the  parts  relevant  to  the  problem.  Each  criterion  statement  ends 
with  a  number  in  parenthesis.  This  number  refers  to  a  specific  paragraph  in 
the  reference  sources.  Numbers  beginning  with  the  letter  "S"  indicate 
MIL-STD-t*l72C  and  the  specific  paragraph  therein.  Numbers  beginning  with  the 
letter  "H"  indicate  MIL-HDBK-759A  »nd  its  paragraph  number. 

The  third  column  presents  the  proposed  new  or  revised  criteria.  In  cases 
where  the  relevant  criteria  were  Judged  as  adequate,  no  new  criteria  are  pre¬ 
sented  and  the  statement  "No  change"  is  entered  in  the  column.  In  other  cases 
where  the  relevant  criteria  were  judged  as  inadequate,  new  or  revised  criteria 
are  Included. 

The  results  for  the  SPLL  and  HEMTT  are  presented  in  Table  1  and  Table  2, 
respectively. 


Comparisons  of  Significant  HFE  Design  Problems  in  the  M270  Self  Propelled  Launcher 
Loader  (SPLL)  during  MLRS  OT  III  with  Current  and  Proposed  Design  Criteria 
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The  HFE  problems  listed  in  Table  1  were  distributed  across  36  different 
design  features  or  equipment  components.  Current  criteria  are  available  for 
all  of  them.  The  criteria  were  judged  to  be  adequate  for  28  features  and  in¬ 
adequate  for  eight.  The  result  suggests  that  adequate  design  guidance  is 
available  in  current  criteria  to  provide  designers  the  information  necessary 
for  avoiding  most  of  these  problems  in  the  future  SPLL  systems. 

The  eight  components  for  which  design  criteria  were  judged  as  inadequate 
include  seating,  rifle  racks,  console  mounts,  lighting  controls,  windshield 
wipers,  intercom  systems  and  levers.  All  of  these  items  are  covered  by  exist¬ 
ing  criteria  in  MIL-STD-1472C  and  MIL-HDBK-759A,  but  the  criteria  are  not  com¬ 
prehensive  in  so  far  that  they  do  not  provide  guidance  for  accommodating  the 
HFE  considerations  that  produced  problems  in  the  SPLL.  Table  1  presents  pro¬ 
posed  changes  to  the  criteria  that  address  these  problems. 

The  HFE  problems  were  examined  by  ordering  them  according  to  type  of  compo¬ 
nent  and  making  a  frequency  count.  The  most  frequent  problems  were  those  con¬ 
cerned  with  seating,  workspace,  stowage  and  illumination  systems.  The  first 
three  items  are  closely  related  in  that  they  are  associated  with  comfort  con¬ 
siderations  in  the  operator  stations.  This  area  emerged  as  the  primary  source 
of  inadequate  HFE  design  in  the  SPLL.  Apparently,  the  outcome  occurred  partly 
because  the  designers  did  not  take  into  account  the  long  time  periods  in  which 
the  SPLL  crew  members  must  occupy  their  operator  stations  when  performing  the 
MLRS  mission.  During  operations,  the  SPLL  crew  members  occupy  their  crew  sta¬ 
tions  almost  continuously  during  both  day  and  night.  When  they  are  not  actu¬ 
ally  executing  fire  missions  they  are  usually  on  standby  sitting  in  their 
stations  awaiting  an  alert  order  to  go  into  action  at  a  moments  notice.  They 
literally  eat,  sleep  and  work  in  their  operator  stations  24  hours  a  day.  Yet 
the  comfort  characteristics  of  the  crew  stations  are  quite  austere  and  appear 
to  be  designed  to  support  operations  for  a  normal  eight-hour  a  day  duty  sched¬ 
ule. 


Similarily,  the  many  problems  with  the  illumination  systems  in  the  SPLL 
appear  to  be  due  to  a  failure  to  consider  the  operational  conditions  under 
which  they  must  be  used.  The  SPLL  is  required  to  perform  its  mission  during 
day  and  night,  but  the  gunner's  fire  control  panel  was  not  provided  with  a 
panel  lighting  system  to  enable  him  to  read  the  panel  at  night.  Likewise,  when 
the  driver  operates  under  blackout  conditions  he  uses  a  night  vision  device 
(NVD)  as  standard  equipment  to  enhance  his  vision.  In  order  to  use  the  NVD  he 
must  turn  off  all  of  his  panel  lights  because  current  generation  NVDs  are  ex¬ 
tremely  sensitive  to  bright  light  sources.  Nevertheless,  some  of  the  panel 
lights  cannot  be  turned  off  because  they  are  not  provided  with  the  appropriate 
controls. 

Turning  to  the  results  presented  in  Table  2,  they  indicated  that  similar 
problems  were  encountered  in  the  HEMTT  as  were  found  in  the  SPLL.  The  HFE 
problems  in  Table  2  were  distributed  across  17  components.  Current  criteria 
are  available  for  all  of  them.  The  criteria  were  judged  to  be  adequate  for  14 
components  and  inadequate  for  three.  The  results  also  suggest  that  adequate 
design  guidance  is  available  in  current  criteria  to  provide  designers  the  in¬ 
formation  necessary  for  avoiding  most  of  these  problems  in  future  HEMTT  sys¬ 
tems. 
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The  three  components  for  which  design  criteria  were  judged  as  inadequate 
were  rifle  racks,  lighting  controls  and  lighting  systems  for  cargo  load¬ 
ing/unloading  operations.  The  first  two  items  were  also  problems  in  the  SPLL 
and  proposed  changes  to  the  criteria  for  them  were  presented  earlier  in  Table 
1.  The  third  item  is  peculiar  to  the  HEMTT  and  Table  2  presents  a  proposed 
criterian  change  for  that  problem. 

As  with  the  SPLL,  the  most  frequent  problems  observed  in  the  HEMTT  were 
those  concerned  with  seating,  workspace  and  illumination  systems.  Seating  and 
workspace  were  again  associated  with  comfort  considerations.  This  problem  area 
was  further  aggravated  in  the  HEMTT  by  problems  with  the  stiff  suspension  sys¬ 
tem  which  transfers  high  levels  of  shock  and  vibration  to  the  crew  members 
under  certain  operating  conditions. 

The  many  problems  with  the  illumination  systems  in  the  HEMTT  again  seem  to 
result  from  a  failure  to  take  into  account  the  operational  conditions  under 
which  they  will  be  used.  The  dome  light  is  not  equipped  with  a  red  light  for 
providing  blackout  lighting  in  the  cab.  Auxiliary  lighting  is  not  available 
for  map  reading  which  is  a  critical  task  for  HEMTT  operators.  Not  all  of  the 
panel  and  indicator  lights  are  provided  with  controls  to  turn  them  off  when 
operating  with  NVDs.  Finally,  no  lighting  system  was  provided  for  performing 
ammunition  loadlng/unlcading  operations  safely  and  effectively  at  night  which 
is  an  essential  task  of  the  HEMTT' s  primary  mission. 
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SUMMARY  AND  CONCLUSIONS 


This  report  has  identified  current  (previously  existing)  criteria  and  de¬ 
veloped  new  and  revised  criteria  critical  for  the  HFE  design  of  future  MLRS 
systems.  Two  general  findings  emerged  from  the  analysis  of  HFE  problems  iden¬ 
tified  in  the  OTEA  test  report:  Multiple  Launch  Rocket  System  Operational 
Test  III  (MLRS  OT  III  (April  1983). 

1.  On  both  the  SPLL  and  HEMTT  there  are  two  areas  in  which  overall  HFE 
design  was  insufficient;  these  were  crew  station  comfort  considerations  and 
illumination  systems.  Current  design  criteria  covering  these  areas  are  fairly 
extensive.  Therefore,  lack  of  design  guidance  does  not  appear  to  be  the  main 
contributing  factor.  It  seems  more  likely  that  the  numerous  inadequacies  re¬ 
sulted  from  poorly  conceived  system  design  concepts  which  failed  to  consider 
fully  the  comfort  and  illumination  demands  that  mission  requirements  place  on 
these  vehicles.  In  order  to  develop  sufficient  HFE  design  concepts  for  future 
systems,  it  is  suggested  that  greater  emphasis  be  given  to  conducting  thorough 
ongoing  front-end  analyses.  They  should  be  directed  toward  determining  the 
critical  operational  conditions  and  procedures  that  must  be  taken  into  account 
when  developing  the  HFE  design  plan  for  each  subsystem  in  the  vehicle. 

2.  Most  of  the  proposed  changes  to  criteria  were  made  because  the  current 
criteria  cite  address  general  conditions  and  do  not  identify  specific  compo¬ 
nents  or  are  for  similar  components  in  different  systems.  In  either  case  there 
is  some  doubt  whether  they  are  relevant  to  the  components  and  design  problems 
under  consideration.  It  is  felt  that  offering  more  narrowly  defined  criteria 
which  specify  both  the  component  and  the  problem  element  will  eliminate  the 
ambiguity  and  provide  guidance  which  is  more  explicit. 
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